Substitutions at methionine 295 of Archaeoglobus fulgidus ribulose-1,5-bisphosphate carboxylase/oxygenase affect oxygen binding and CO2/O2 specificity.
Archaeoglobus fulgidus RbcL2, a form III ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco), exhibits unique properties not found in other well studied form I and II Rubiscos, such as optimal activity from 83 to 93 degrees C and an extremely high kcat value (23 s-1). More interestingly, this protein is unusual in that exposure or assay in the presence of oxygen and high levels of CO2 resulted in substantial loss (85-90%) of activity compared with assays performed under strictly anaerobic conditions. Kinetic studies indicated that A. fulgidus RbcL2 possesses an unusually high affinity for oxygen (Ki=5 microM); O2 is a competitive inhibitor with respect to CO2, yet the high affinity for O2 presumably accounts for the inability of high levels of CO2 to prevent inhibition. Comparative bioinformatic analyses of available archaeal Rubisco sequences were conducted to provide clues as to why the RbcL2 protein might possess such a high affinity for oxygen. These analyses suggested the potential importance of several unique residues, as did additional analyses within the context of available form I-III Rubisco structures. One residue unique to archaeal proteins (Met-295) was of particular interest because of its proximity to known active-site residues. Recombinant M295D A. fulgidus Rubisco was less sensitive to oxygen compared with the wild-type enzyme. This residue, along with other potential changes in conserved residues of form III Rubiscos, may provide an understanding as to how Rubisco may have evolved to function in the presence of air.